Abstract-By combining particle swarm optimization algorithm (PSO) with fuzzy neural networks (FNN), a PSO fuzzy neural networks (PSO-FNN) was proposed, which takes full advantage of the global search ability of particle swarm optimization (PSO) algorithm and the local search ability of conjugate gradient algorithm with constraints. The new method assumed that FNN was used to construct the model of cement raw material blending process, while PSO was employed to optimize parameters of FNN. Experiment results show that the model based on PSO-FNN has higher precision and better performance than the model based on BPNN.
INTRODUCTION
The task of the raw material blending process in a cement factory is to mix the raw materials in order to produce cement raw meal for the kiln. One of the fundamental problems in the cement manufacture is ensuring that the cement raw meal is of the appropriate chemical composition. A raw meal with a good fineness and well controlled chemical composition can improve the cement quality and the kiln operation performance. The main purpose of the raw meal quality control is to maintain closer to the standard set values and to decrease the variation of the chemical composition in terms of composition module. The control problem arises from the fact that the chemical compositions of the various raw materials vary from time to time and they are not measured. Furthermore, each of the raw materials contains varying amount of the constituent oxides. Only annual or monthly average values of raw material compositions are available, and it is the fluctuation of the actual raw material compositions about these long term average compositions which introduces disturbances to be eliminated by computer control. Under these situations, it is inconvenient to have an estimate of the missing variable. Soft-sensors are based on the available information provided by other sensors, which can be correlated with the missing measurement. In this case, the data available from the process can be used to get the necessary information to estimate the parameters of the softsensor model. Successful applications of soft-sensor technologies can be found in wide range of industries such as: petrochemical [1] , pulp and paper [2] , biotechnological [3] and mineral processing [4] . On-line estimate of the parameters can be very useful when the system changes operational conditions. The paper is organized as follows: Section 2 gives a description of the particle swarm optimization fuzzy neural network and its methodology. Describing of the soft-sensor modeling algorithm in the raw material blending process and experimental design of the studies and their computational results are shown in sections 3. Finally, we draw conclusions from results in section 4.
II. PARTICLE SWARM OPTIMIZATION FUZZY NEURAL NETWORKS

A. Particle Swarm Optimization Algorithm
Particle swarm optimization (PSO) was proposed by Kennedy and Eberhart in 1995 [5] [6] . It is a stochastic optimization method based on swarm intelligence. The fundamental idea is that the optimal solution can be found through cooperation and information sharing among individuals in the swarm. In recent years, PSO has been successfully applied in areas such as artificial neural network optimization, function optimization, fuzzy systems, and many other areas. It solves a variety of optimization problems in a faster and cheaper way than the evolutionary algorithms in the early iterations. It has few parameters to adjust and it works well for different kind of problems when the algorithm is slightly modified.
The basic elements of PSO algorithm is summarized as follows [7] v is the velocity of particle i at iteration t with respect to the j th dimension.
Inertia weight:
t w is a parameter to control the impact of the previous velocities on the current velocity.
Personal best:
t i P represents the best position of the particle i with the best fitness until iteration t, so the best position associated with the best fitness value of the particle i obtained so far is called the personal best. For each particle in the swarm, ). Termination criterion: It is a condition that the search process will be terminated. It might be a maximum number of iteration or maximum CPU time to terminate the search.
PSO algorithm can be summarized in the following steps:
Step 1. Initialize the parameters of PSO, such as population of particle swarm, parameter dimension, inertia weight, largest iteration step and allowable error limit of fitness.
Step 2. Initialize the state of each particle. Store the individual best position of each particle. Evaluate and store individual best fitness of each particle. Evaluate and store the global best position and global best fitness of whole swarm.
Step 3. Update the velocity of particle. Update the position of particle. If necessary, deal with the particle's velocity and position.
Step 4. Calculate the fitness of each particle, update and tore the individual best position and individual best fitness of each particle, update and store the global best position and global best fitness of whole swarm.
Step 5. If the stopping condition is not satisfied, go to step 3. Otherwise, stop iterating and obtain the result from the global best position and the global best fitness of the whole swarm.
B. Particle swarm optimization fuzzy neural network(PSO-FNN)
Neural networks are useful methods in applications such as soft-measurements. The feed-forward multilayer backpropagation artificial neural network can be viewed as a nonlinear autoregressive model with external inputs [8] . An overview of training methodologies is presented by Hush and Horne [9] .
However, the commonly used back-propagation (BP) learning method has some main problems such as slow learning speed and unknown discovered knowledge (numerical weights are not meaningful). To overcome these problems, the fuzzy neural network is used to overcome these shortcomings because it can discover meaningful fuzzy knowledge very quickly.
Actually, particle swarm optimization fuzzy neural network, which is proposed to apply in the soft-sensor modeling of product particle size in ball milling circuits, is the fuzzy neural network based on coupling mechanism, using the particle swarm optimization algorithm to optimize some parameters of fuzzy neural network. The fuzzy neural network consists of the following five-layer structure [10] , as showed in the Figure 1 .
The first layer is input layer:
Input:
The second layer is fuzzy layer:
The third layer is fuzzy condition layer: Input:
The forth layer is fuzzy decision-making layer:
The fifth layer is output layer: Input: According to the fuzzy neural network as described above, there are three parameter sets need to be identified: central value of fuzzy layer node ji c , width of fuzzy layer node ji σ and regulative parameter of fuzzed decisionmaking j h . Once the input and output of fuzzy neural network and these three parameters are determined, the structure of the network will be determined. The particle swarm fuzzy neural network algorithm presented in this paper can be summarized as following:
Input data and output data: 
Where
are maximum output value, minimum output value, average output value, maximum input value and minimum input value respectively. 
III. SOFT-SENSOR MODELING OF CEMENT RAW MATERIAL BLENDING PROCESS BASED ON PSO-FNN
A. Introduction of research background
The schematic representation of a cement raw material blending process is shown in Figure 2 . In the most general cement raw material blending process, raw material feed streams are mixed together using weigh feeder conveyor belts and are fed to a grinding mill. The ability of the quarry to provide materials of uniform composition is insufficient to the extent that time varying control of the weigh feeder flow rates is necessary. Plant data indicate that oxide concentrations vary randomly in time. The cement raw material is composed of four ignited oxides (CaO、SiO 2 、 Al 2 O 3 、 Fe 2 O 3 ). The composition module of cement raw material is defined as follows. , PSO runs for 5000 iteration steps; Population of particle swarm is set to 40; allowable error limit of fitness is set to 0.01; Acceleration coefficients are set to 1.0; the maximum value of each particle's velocity is set to 10. the training results are shown in figure 3 , and the forecasting results are shown in figure 4.
To prove the better forecasting accuracy of soft-sensor model based on PSO-FNN, forecasting results of BPNN model are shown in figure 5 , which indicate that the soft-sensor model based on PSO-FNN has higher precision than that based on BPNN.
IV. CONCLUSION
In this paper, particle swarm optimization algorithm is combined with fuzzy neural network to construct particle swarm optimization fuzzy neural network (PSO-FNN), and then is used to construct the soft-sensor model of cement raw material blending process. Results prove that PSO-FNN has higher precision, better performance than BPNN. 
